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Chapter 1
Introduction

1-1. Purpose

The purpose of this manual isto provide guidance in the struc-
tural design of vertical lift gates.

1-2. Scope

Thismanua presents criteriafor the design of verticd lift gates
used for water retention for routine or emergency operation in
navigation projects, powerhouses, spillways, outlet works, and
coasta hurricane protection or tide gates. For other types of
gates, such as duice gates, bonnet type gates, maintenance
bulkheads, and dide gates, specific criteria have not been
devel oped.

1-3. Applicability

This manual applies to all USACE Commands having
responsibility for design of civil works projects.

1-4. References
References are listed in Appendix A.

1-5. Background

a. General. Several types of vertical lift gates are used
in avariety of hydraulic structures, including spillways, low-
level inlets/outlets, powerhouses, and navigation locks. In
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recent years, there have been considerable problems with the
performance of vertical lift gates. The magjority of these
problems have occurred as aresult of fatigue, causing fractures
in main structural framing members of the gate. New criteria
address methods to reduce fatigue and fracture through design
and construction techniques. Research has proven that the
serviceability of the gate can be improved by using proper
materials and fabrication techniques. These fabrication
techniquesinclude the use of proper joint detailing and welding
procedures. Proper materia selection and material compati-
bilities are an essentia part of providing long service life of the
structure.

b. Recent case histories. Numerous gates have expe-
rienced problems related to fracture and fatigue. Results of
investigations, most notably published in Engineer Technical
Letter (ETL) 1110-2-346 and ETL 1110-2-351 and Computer-
Aided Structural Engineering (CASE) Steel Structures Task
Group (1993), identify methods for reducing fatigue stresses
and selecting material type, which result in longer design lives
for welded steel structures. Two case histories provided in
Appendix B describe a background of failures in the existing
gates, corrective actions taken, and replacement of the old gate
with anew gate using new fatigue guidelines.

c. Design policy. Engineer Manual (EM) 1110-2-2105
specifies that Load Resistance and Factor Design (LRFD) is
the preferred method of design and should be used for those
sructure types for which LRFD guidanceis provided. Hence,
this manual contains load criteria specified for designing
vertical lift gates using LRFD. The designer is referenced to
the design policy in EM 1110-2-2105 regarding the use of
allowable stress design.



Chapter 2
Description and Application

2-1. General

Vertical lift gates are used for navigation lock chamber gates,
emergency closure gates for powerhouse intakes and outlet
works, and spillway crest gates. Each type of gate used hasits
advantages and disadvantages and is designed to accommodate
specia requirements for closure and retention of hydraulic
head.

2-2. Gate Types and Applications

a. Navigation locks. Navigation locks may use overhead
or submersiblelift gates and are described below. EM’s 1110-
2-2602, 1110-2-2607, and 1110-2-2703 provide information
on other types of gates for navigation locks.

(1) Overhead gates. These types of gates use atower with
overhead cables, sheaves, and bullwheels to support the gate
during its operation and counterweights to assist hoisting
machinery. Thetower height is governed by the lift required to
passbargetraffic. These gates can be a plate girder, horizontal
tied arch, or horizontal truss, which are discussed in Chapter 3.
Examples of a horizontal truss and tied arch are shown in
Plates 1-3. These gates are often used as tide or hurricane
gates aong the seacoast and for inland navigation locks. When
they are used as hurricane gates, they are normally raised to
permit normal water traffic to pass underneath and lowered to
protect harbors from tidal storm surges. This type of gate
would be used in the following situations: it is not practica to
use submersible gates (as with high-head applications); when
sufficient support cannot be provided for transferring thrust
from miter gates; the available area to place the gate monolith
is limited and will not permit the use of miter gates; or when
the gate is used as a hurricane or tide gate and is subject to
reverse hydrostatic or hydrodynamic loadings.

(2) Submersible gates. A submersible gate can be used as
the upstream gate for a navigation lock, where the submersible
leaf rests below the upstream sill. There are two types of
submersible gates: single leaf and multiple leaf. The double
leaf arrangement is most common. It is composed of a down-
stream leaf, used for normal lock operation, and an upstream
leaf, used infrequently as a movable sill or as an operating | eaf
inanemergency. Thisisreferred to asthe emergency leaf. An
example of adownstream leaf is shown in Plates4 and 5. Both
leaves are normally constructed of horizontal girders with an
upstream skin plate. The hoist components at either side of the
lock are mounted above the high water in a concrete recess
with aremovable roof section. The powered hoist component
is mounted on a structura steel frame anchored to a concrete
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gructure on one side of the lock. The nonpowered component
is then mounted on the opposite wall. For the normal open or
stored position, the leaves are lowered into the sill. The
emergency leaf is used for lock closure in the event of an
accident or damage to the gate that would otherwise result in
loss of the navigation pool. Thistype of gateis useful whenitis
necessary to skim ice and drift from the lock approaches or
open the lock gatesto pass flood flows.

b. Spillway crest. This type of gate is sometimes
preferred over tainter gates because the spillway crest requires
a shorter length of spillway pier and provides a more
economical pier design. These gates are usually raised by
using the gantry crane or fixed hoists for each gate located on
the spillway deck or operating platform. Dogging devices are
sometimes provided to engage projections spaced at intervals
on the gate to hold the gate at the proper elevation. In some
casesit may be advantageous to mount the dogs in the gate and
provide a dogging ladder in the gate dlot; however, the other
arrangement is preferred. Different types of spillway crest
gates are asfollows:

(1) Single section. This gate consists of one section that
provides a variable discharge between the bottom of the gate
and the sill. Single-section gates operate similarly to the
multiple-section gates but are dogged off in the service sots.

(2) Multiple section. A multiple-section gate consists of
two or more sections in the same dot with variable discharge
between the sections or between the bottom section and the
sill. Multiple-section gates can be equipped with a latching
mechanism to allow use as a single-section gate. As the
required discharge increases beyond the capacity of the largest
opening between sections, top sections are removed from the
service dots and dogged above the pool level in emergency
slots. The latching mechanisms should be carefully designed
so they do not stick or corrode. This has been a maintenance
problem for some projects. The top section of a multiple-
section gate is shown in Plate 6.

(3) Double section. This gate consists of two sectionsin
adjacent slots with variable discharge over the top section or
beneath the bottom section. The double-section gate is used
less frequently because removing the gate from the dot is more
cumbersome, sealing is more complicated, and additional
length of pier isrequired. Thistypeisuseful for skimmingice
and trash; however, that function can aso be performed by
shalow top sections of a multiple-section gate that are lifted
clear of the pool.

c. Outlet gates. Often, lift gates are used for emergency
closure of water intake systems or outlet works. Their normal
operation is in the open position. They are not used for
throttling flows, however, they are used to stop flow under

2-1
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operating conditions. They normally rest on dogging devices
during normal operation. In emergencies, they are lowered
into the closure dlot to stop the flow of water.

(1) Powerhouse. Emergency gates are required for sud-
den closure of the turbine intakes to prevent subsequent
damage to the turbines or powerhouse. These types of gates
are normally framed with horizontal girders and a downstream
skin plate. Upstream skin plates may be used when silt or mud
fills up girder webs. Diaphragms are used to transfer vertical
loads from the hoists. The hoisting system uses either
hydraulic cylinder(s) or wire ropes. The type of hoisting
system will be based on economics and governing criteria for
closure times under emergency conditions. The hoisting
system for wire ropes may be deck mounted or placed in
recesses above the high pool elevation. Cylinders for the
hydraulic sysem are mounted below the deck in the intake gate
dot. See EM-1110-2-4205 for additional information and
requirements. Because these gates must be capable of
operating under full head and flowing water, tractor type gates
are used to reduce friction. See paragraph 2.3 for descriptions
of types of end supports. Plates 7, 8, and 9 depict this type of
gate.

(2) Outlet works. Emergency closure gates for outlet
works are similar to those used in powerhouses and are often
used for service gates and flow control. Using tractor gates for
fully submerged outlet works, as used in intake towers, is
usually advantageous due to the reduced friction under full
head and flow. However, many gates use wheels where
loading dlows. The hoisting system may require the use of a
gantry crane or its own hoisting system, either wire rope or
hydraulic.

2-3. Types of End Supports

End supports for vertical lift gates may be classified
according to the method used to transfer the loads to the gate
guides. The gate guides receive the main reaction component
from horizontal loads.

a. Fixed wheel. With this type of end support, the
wheels revolve on fixed axles, which are either cantilevered
from the body of the gate or supported at each end by the web
of avertica girder(s) attached to the gate frame. The wheels
may aso be mounted by pairs in trucks that carry the wheel
loads through center pins to end girders attached to the gate
frame. When gate hoisting occurs with no static head, this type
of end support will usualy be most economical. The
fabrication is generally less costly than using tractor type end
supports, described in (b) below. When the gate is used for
outlet works, this type of end support will receive higher point
loads. This will cause a much higher bearing stress to the
whed and guides, as well as shear, bearing, and bending forces
to the center pins and end girder. Thistype of end support is

normally used in navigation lock gates or where the gate is
used to control flows while under low static head as with
spillway gates or emergency closure gates. When used for
navigation lock gates, the wheels normally rest in a wheel
recess to prevent them from transferring hydrostatic loads.
With the wheelsin the recess, horizontal |oads are transferred
through an end bearing shoe to the pier bearing surface. Hence
the wheels carry no hydrostatic load. Hydrostatic load is then
transferred from end bearing shoes on the gate to the gate
guides. Refer to Chapter 6 for design and detailing
information.

b. Tractor (caterpillar). Thistype of end support, also
referred to as caterpillar, has at each side of the gate one or
more endless trains of small rollers mounted either directly on
members attached to or on the vertical end girder. Thistype of
end support system is shown in Plates 8 and 9. Roller details
are depicted in Plate 7. These are more commonly found on
emergency closure gates or gates that control flow under high
head. Because load transfer is achieved by uniformly
distributed bearing through the small rollers, they are able to
withstand large horizontal 1oads while being lowered under full
hydrogtatic head. Their main advantages over fixed wheels are
a lower friction component while hoisting under load, lower
bearing stresses transferred to the guides and gate framing, and
shear and bending not transferred to the gate through the axle.
When compared to dide gates, the main advantage is reduced
friction, which reduces the hoisting effort required for
controlling flow. This reduced friction a so reduces the wear
and maintenance compared with those of dide gate sed
surfaces.

c. Slide. Slide gates use metal to metal contact for end
support. A machined surface that is mounted to the front face
of the gate bears directly against a machined guide surface in
the gate slot. The two bearing surfaces also serve as the gate
sed. Materiasfor the gate seal surface may include a uminum,
bronze, or stainless steel. These types of gates are normally
used in intake/outlet tunnels where a head cover (bonnet) is
used to sea off the guide dot from the gate operator for
submerged flow ingtallations. They can be used for high heads;
however, the head during flow control in combination with the
width and height of the inlet/outlet tunnel will determine the
feasibility for using dide gates. The bearing surfaces of the
guides and slide bearings must be machined to tight tolerances
to maintain a seal for the gate. This requires tighter
construction tolerances for installation of the guides and dide
bearings than with tractor gates and fixed-wheel gates, which
use Jsealsaong ased plate.

d. Stoney. Similar to atractor gate, a Stoney gate uses
asmall train of rollers; however, the fundamental differenceis
that the roller axles are held in position by two continuous
vertical bars or angles on either side of theroller. Theload is



transferred from a bearing surface on the gate, through the
rollers, to the guide bearing surface on the monoalith. The
entire roller train is independent from the gate and the guide,
which alows free movement of the roller train. In order to
maintain the roller train in its proper vertical position, it is
common to use a wire rope support. The rope is fixed to a
point on the gate, passes around a sheave fixed to the roller
train, and is fixed to a point on the pier or monolith. Lateral
movement is prevented by vertical bars or axles along the
guide surfaces. A unique feature of this type of load transfer
system, asintractor gates, isthat axle friction is not devel oped;
hence there is a much lower friction component attributed to
rolling friction. The main advantages of this type of gate
support system are the same as those for the tractor gates.

2-4. Advantages/Disadvantages

a. General. The use of overhead or submersible lift
gates for navigation locks versus miter gates, sector gates, or
submersible tainter gates would be based on economics,
riverflow operationa criteria, and navigation lock configura-
tion. Some of the main advantages of using vertical lift gates
are ease of fabrication, considerably shortened erection time,
and in most cases, shorter monoliths or supporting piers for
spillways, powerhouse intakes, and navigation locks compared
with those of tainter or radial gates. The load from the gate to
the supporting pier or monoalith isin one direction, simplifying
the design of the supports. One main disadvantage when using
vertical lift gates that are under constant cyclic loading is that
the main load resisting frame relies on atension flange or, in
the case of an arch, tension tie. In these cases fatigue plays a
primary role in their design. The use of fixed-whedl, tractor,
Stoney, or dide gates versus tainter gates for spillways and
outlets aso depends on head, size of gate, riverflow operational
criteria, and economics.

b. Navigation locks. For high lift requirements, or when
the leaf of a submersible gate must rest on the bottom of the
lock chamber or in arecessed sill, an overhead gate would be
more desirable than a submersible gate. In the case where
submersible leaves rest on the bottom of the lock chamber or
in a recessed sill, silt would lead to hoisting problems, weak
axis loading to the girders, and higher maintenance costs.
Where there are high lift requirements, a submersible gate
would require multiple leaves to obtain the lift required to pass
river traffic. This may not be advantageous when considering
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hoisting arrangements and costs. Where debris and ice must
be passed through the lock, a submersible gate would be more
advantageous than an overhead, miter, or sector gate. For a
multiple-leaf submersible gate, the downstream leaf islowered
to allow flow through the lock to pass ice or debris. A
disadvantage of the use of overhead lift gatesisthat atower is
required to house the mechanica equipment and to gain
aufficient lift for barge traffic to pass through the lock. This can
cause increased design effort, in which flexibility in the tower
must be accounted for in the design of the guide/hoisting
system. Undesirable cracking of the monolith can occur if the
tower/ monoalith interface is not designed to account for the
tensile stresses developed from flexure of the tower. Thiswas
observed in Ice Harbor's navigation lock, Snake River,
Washington, shortly after it was placed in service.

c. Spillway. For spillway crest gates, tainter gates are
preferred over vertical lift gates. Thisis due primarily to lower
maintenance. When multiple-section vertical lift gates are
required, the latching mechanisms can become inoperable
unless continued maintenance is performed. This can increase
maintenance activities and should be avoided if possible.
However, vertical lift gates would be preferred to tainter gates
when the elevation of the maximum controlled pool is so far
abovethe sill that excessively long piers would be required for
tainter gates or flood discharges or drift conditions are such
that any obstruction to the flow below the bottom of the
spillway bridge is undesirable, requiring the gate to be
removed.

d. Outlet gates. For powerhouse intake gates the
normal preference for use would be a verticd lift gate, due
primarily to savingsin the length of the intake pier and ease of
construction. The time savings would occur for gates used for
outlet works. Normal use for these types of gates is a tractor
gate due to its low friction during operation. The size of gate
and head requirements determine the feasibility of dide, fixed-
wheel, or tractor gates. Slide gates require precise machined
tolerances on the seal surfaces from the gate to the bearing
guides. This requires careful quality control during field
instalation. Wear and damage to the dide and bearing
surfaces due to use and cavitation can require higher
maintenance to the side gate. It may be more cost effective to
replace whedls, rollers, or seals on afixed-wheel or tractor gate
than to fill and machine the gate and bearing surfaces of adide
gate.



Chapter 3
Navigation Lock Lift Gates

3-1. General

Almost al lift gates use a horizontal framing system.
Vertical framing systems are not structuraly efficient in
transferring loads to the side bearing surfaces and require
specia framing to accommodate roller guides for hoisting
operations. Vertica framing systems are not recommended for
new vertical lift gates, except where being replaced in kind.
For navigation locks, framing for either the upstream or
downstream gate uses girders, trusses, or tied arches. The
framing system selected will depend on span, hydrostatic head,
and lift requirements.

3-2. Framing Systems

a. Girders. Horizontal plate girders are the main force-
resisting members of the gate. They consist of built-up plate
elements forming the stiffened webs and flanges of the girder.
The spacing of the girders will depend on the head
requirements, the height of the gate, and the clear span. For
short gates, it is not advantageous to vary the spacing of the
girders, however, for taler gates where the change in
hydrostatic loading will be more significant from the bottom
sill to the top, it is more economical to vary the spacing.
Varying the spacing will require additional attention to design
of the intercostals and skin plate to compensate for the varying
hydrostatic pressure and span between girders. The girders
frame into end posts that transfer end shear from the girdersto
bearing, either on the gate guides or through the types of end
supports described in paragraph 2-3. Intercostals are framed
plates or structural shapes that span the layers of horizontal
girders used to create two-way plate bending action for the skin
plate. Digphragmsare used to provide continuity of the gate by
distributing horizontal loads more uniformly and supporting
and distributing vertical loads. These other framing members
are described in Chapter 6. Examples of horizontal girder
framing are contained in Plates 4-6, 8, and 9.

b. Trusses. Trusses may be more economical or weigh
less than plate girders. Horizontal trusses would be most
economical for navigation locks with high-lift overhead gates
or for long horizontal spans across navigation locks. 1t may be
advantageousto vary the spacing of the main trussesto achieve
an economica arrangement of the same truss and member
sizes throughout the height of the gate. Plate 3 represents a
typical use of horizontal trusses for navigation lock framing.
Common members used for the trusses are wide flanges and
structural T's.  The main trusses frame into an end post
supported by an end bearing similar to a stiffened plate girder.
Special framing reguirements need to be considered for the
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roller guides in the upstream/ downstream and lateral
directions. As with girders, other framing members include
intercostals, diaphragms, end posts, stiffeners, and skin plates.
These are described in Chapter 6.

c. Tiedarches. Thistype of framing, aswith trusses, is
normally employed for high-head and long span gates used in
navigation locks. Because of the load transfer ability of the
arch, this framing is generally more structuraly efficient than
plate girders. Particular care must be used in designing the
main tension tie, as there is little redundancy if it fails.
Therefore fatigue design becomes most critical for these
members, particularly in the connection of the arch girders to
the main tension tie. The members can be made of rolled
shapes, built-up members, solid plates, or plate girder
members. Normally the front arch is framed with structural
T's, with the webs welded continuously to the skin plate.
Plates 1 and 2 represent a vertical lift gate of thistype. Most
recently, in the case of the replacement of Ice Harbor's
downstream vertical lift gate, the arch and tension tie consisted
of horizonta plate members. This type of design was
employed to eliminate poor fatigue performance at the
connection of the upstream arch to the downstream tension tie.
Details from Plate 1 should not be used for current design. Its
connections experienced severe fatigue. Current design
standards for fatigue were used for the design of the
replacement gate. More information is provided in Appen-
dix B. Aswith girders, other framing members include inter-
costals, diaphragms, end posts, stiffeners, and skin plates.
These are described in Chapter 6.

d. Vertical framing. Thistype of framing systemisnot
very common and is not recommended for use. However, this
type of gate may be more economical if it is being used to
replace a gate of the same type. Verticaly framed gates most
commonly use stiffened plate girders. With this type of system
the main load is transferred from the skin plate to vertical
girders that frame into a horizontal main girder at the top and
bottom of the gate. The load transfer is through the top girders
to the end wheels at the guide recess. This arrangement is
unsuitable for large gates because of the concentration of load
at the top and bottom of the end posts.

3-3. Load Types

The following load types are applicable to vertical lift
gates used in navigation lock structures.

a. Hydrostatic. The hydrostatic load H, shall be deter-
mined based on site-specific conditions for upper and lower
pool elevations.

(1) For submersible gates, consideration must be given
to the operation of a multiple-leaf gate, with the gate seals
effective and ineffective. Figure 3-1 represents a typical

3-1
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Figure 3-1. Submersible lift gate, normal operation

double-leaf submersible gate configuration with seals noted.
With this arrangement the two leaves will be subject to
differing hydrostatic loads. This arrangement should consider
normal operation, using the downstream leaf as the operating
leaf; operation of the downstream leaf when skimming ice or
debris (hydrodynamic load described in b(1) below); and use
of the upstream leaf during emergency gate operation should
the operating leaf fail. Figures 3-2 and 3-3 represent the case
where the downstream lesf is used for normal operation, with
the gate seal between the upstream and downstream leaf
effective and ineffective, respectively. In this case, H, repre-
sents the maximum head differential between upstream and
navigation lock pool elevations. During normal operation,
Figures 3-4 and 3-5 represent the hydrostatic load to the
submerged (upstream) leaf with the seal between the upstream
and downstream leaves effective and ineffective, respectively.
For this condition H, represents the maximum head differential
from the upstream and navigation lock pools. When the
upstream leef isused for lock operation the same loadings must
be applied to it, as in the case of the downstream leaf during
normal operation.

(2) The hydrostatic load H, and water seal arrangements
for overhead gates with and without a crossover gallery are
shown in Figures 3-6 and 3-7, respectively. For both condi-
tions, H, represents the maximum head differential between the
navigation lock pool and downstream tailwater. For the case
where an overhead gate is used for an upstream navigation lock
gate, the loading conditions would be the same as for asingle-
leaf submersible gate, where H, represents the maximum head
differential between the upstream pool elevation and tailwater
pool elevation, or upstream sill.

3-2

D.S.LEAF
(OPERATING)

Figure 3-2. Submersible lift gate, hydrostatic loading
diagram, downstream leaf, seals effective

WATER SEAL
INEFFECTIVE
I VA
‘17 Hs
D,C,M l
D.S.LEAF

(OPERATING)

Figure 3-3. Submersible lift gate, hydrostatic loading
diagram, downstream leaf, seals ineffective

b.  Hydrodynamic. The hydrodynamic loads H, shall be
determined based on site-specific conditions for wave forces
resulting from tides or coastal hurricanes applied to protection
gates and for vertical loads from water flowing over leaves of
submersible gates.

(1) For submersible gates, Figure 3-8 represents the
operation of the downstream leaf when passing ice and debris.
In this case, H, represents the head from the flow overtopping
the downstream |eaf.
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Figure 3-8. Submersible lift gate, hydrodynamic loading
for passing ice and debris

(2) Hydrodynamic loads applied to tide or coasta
hurricane gates shall be based on site-specific conditions.
They shdl include the effects of tidal hydraulics, water levels
and wave heights, and necessary storm surge analysis to which
the gate will be subjected. Distribution of wave forces is
dependent on the wave height and depth of water at the
structure. Their effects should be computed for a range of
possible water levels and periods.

c. Gravity. Loads resulting from deadweight D, ice C,
and mud M shall be based on site-specific conditions. Mud
loads shall include silt loads where applicable. Ice loads are
considered as gravity loads; lateral loads from ice are not
considered in the load combinations.

d. Operating equipment. The maximum load that can be
exerted by the operating machinery Q includes the effects of
the deadweight D, ice C, and mud M; and in the case of
submersible gates, the effects of the hydrodynamic load H,
when the gateis used for passing ice and debris; and the effects
of friction and binding of seals, dides, and wheels.

e. Impact. Submersible and overhead gates used for
navigation locks are subject to barge impact loading I. The
barge impact loading | shall be 1112 kilonewtons (kN)
(250 kips) applied at any point on the lift gate span. For
submersible gates, barge impact | will occur along the top
girder of the operating (downstream) leaf. For overhead gates,
the barge impact | shall be applied at any point on the gate at
which a barge may collide, and at the point that produces the
maximum structural effect. Gates subject to barge impact
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loading need not be designed for ice and debrisimpact. Impact
loads need be applied only to main |oad-carrying members.

f.  Earthquake. Design earthquake load shall be
determined based on an operational basis earthquake (OBE),
defined in ER 1110-2-1806. The earthquake load E shall be
based on inertial hydrodynamic effects of water moving with
the structure. Sloshing liquid forces are small and may be
ignored. The vertical distribution of the initial hydrodynamic
pressures acting on the gate shall be determined from
Westergaard's equation:

7 31
P = g%aVHY &9

where

p = lateral pressure at adistancey below the pool
surface, meters (m) (feet (ft))

g, = unit weight of water, kilograms per cubic meter
(kg/m®) (pounds per cubic foot (Ib/ft?)

a, = maximum acceleration of the supporting lock wall
due to the OBE (expressed as a fraction of the
gravitational acceleration g), constant

H = pool depth, m (ft)
y = distance below the pool surface, m (ft)

The lock wall shall be assumed rigid in determination of a,,
and the assumed direction of a, shall be perpendicular to the
gate. The inertia forces resulting from the mass due to
structura weight D, ice C, and mud M are insignificant to the
effect of p and need not be considered. For overhead gates, the
effects of E shall be applied to the towers.

g. Downpull. Downpull forces are not applicable for
navigation lock gates.

h. Thermal. The effects of extreme thermal differen-
tials T, caused by ambient air and water temperatures adjacent
to the exposed faces of the gate, shall be determined based on
the navigation lock at full pool, exposing the skin plate to the
pool temperature and the downstream girders or tension ties to
ambient conditions and tailwater. This shall include tempera-
ture differentials related to seasonal ambient and water tem-
peratures. For moderate climates the ambient temperature
range shall be from -18 to 49 °C (0 to 120 °F), and for cold
climatesfrom-34to0 49 °C (-30to 120 °F). Pool temperatures
shall be based on observed or recorded data and applied to the
season during which the maximum ambient temperatures are
predicted to occur.



i. Wind loads. Wind loads W shall be based on site
specific conditions. American National Standards Ingtitute
(ANSI) A58.1/American Society of Civil Engineers (ASCE)
7-95 (ANSI/ASCE 1995) shall be used to determine wind
pressures acting on the gate. Wind load shall be applied nor-
mad to the projected surface of the gate. For submersible gates,
wind loads need not be applied.

3-4. Load and Resistance Factor Design

a. Design guidance. Navigation lock vertical lift gates
shall be designed using LRFD methods in accordance with
EM 1110-2-2105. A synopsis of the methodology and general
guidance for use of LRFD for hydraulic stedl structures (HSS)
is presented in EM 1110-2-2105 and will not be repeated here.
Design resistance and reliability factors shall conform to the
requirementsin EM 1110-2-2105.

b. Load cases and load factors. Lift gates shall have
design strengths at all sections at least equa to the required
strengths calculated for the factored loads and forces in the
following load combinations. The most unfavorable effect may
occur when one or more of the loads in a particular load
combination is equal to zero. For each load combination the
gate should be considered supported on either its fixed
supports or by the hoisting equipment.

1.2D + 1.6(C + M) + 1.3W (3-2)
1.0D +1.0(C+M+H,) +1.2Q (3-3)
12D +1.4H,+ 1.2T + 1.0l (3-4)
1.2D + 1.2 H, + 1.6H, (3-5)
1.2D + 1.2H, + 1.0E (3-6)

3-5. Commentary on Loads and Load Factors
a. Loads.
(1) Hydrogtétic.

(8 The loadings shown for submersible gates are based
ontypical two-leaf submersible gates. A single-leaf submersi-
ble gate will smplify the number of hydrostatic load cases,
while multiple leaves greater than two will increase the hydro-
static head load cases. Operation of the gate is the critical
factor that determines the number of load casesto check for the
design of the gate. The load cases represented by Figures 3-3
and 3-5, where the seals between the leaves and the gate and
upstream sill are ineffective, are the most extreme case where
the seal is completely ineffective and does not resist H,. These
loadings may be neglected when they cause less effect than the
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full hydrostatic loading when the gates are raised. Figure 3-5
shows the hydrostatic loading on the upstream leaf when the
seal at the upstream sill is ineffective. Because the upstream
leaf of a submersible gate is adjusted to account for varying
pool levels, no sed is made at the bottom of the leaf. Even
with the upstream leaf lowered completely, no seal is made at
the bottom. Gate rests at the bottom of the lock are generally
individual pedestals that permit the free flow of water. Hence,
the net pressure at the bottom of the leaf iszero. A linear load
distribution is assumed to act between the bottom of the leaf
and the upstream sill, where hydrostatic pressure H, exists.
Figure 3-3 represents the downstream leaf loading when the
sea between the upstream and downstream leaves is
ineffective. Because there is no sedl at the bottom of the
downstream leaf, the net pressure at the bottom of the leaf is
zero. Similar to the upstream leaf, alinear load distribution is
assumed to act between the bottom of the leaf and the location
of the ineffective seal, varying from zero at the bottom of the
lesf to H, at the location of the ineffective seal. Conditions that
may cause this type loading are neglected maintenance or
damage to the seal or seal assembly. Even though the gate can
resist this condition, the seal design should still ensure
100 percent effective seals under all operational conditions.

(b) Some navigation locks use a downstream crossover
gallery, particularly when using a vertical lift gate. When this
is a part of the water retention system for the navigation lock,
the hydrostatic load H,, is applied verticaly to the top girder
and horizontdly to the top of the gate, and H,, represents the
maximum head differential between the upstream and
downstream pool (Figure 3-6). Prior to acceptance of the gate
during construction, the contractor may be required to demon-
drate watertight requirements. For the bottom seal watertight-
ness to be evaluated, the downstream area will have to be dry.
In this case the designer is cautioned to provide an adequate
design that will demonstrate seal effectiveness and yet assure
that the gate can resist the test loading, without the downstream
pool acting on the bottom portions of the gate.

(2) Hydrodynamic.

(8 Thetota amount of head overtopping the operating
leef shall be determined by investigation of river hydraulics and
operational criteria. H, shall be determined by existing opera-
tional data or conditions for submersible leaves that are
replacing old gates in the same structure. For new projects,
EM 1110-2-2602 refers to the use of hydrologic and hydraulic
studies, including model studies, as a necessary part of defining
the physical characteristics of the navigation lock. These
studies should al so define the operational characteristics of the
project for passing ice and debris, including H,. Further infor-
mation on operational methods for passing ice and debris
through navigation damsisfound in EM 1110-2-2607.
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(b) Hydrodynamic loads resulting from wave forces will
occur asaresult of differing water levels and direction of wave.
During the development of coastal projects, complete analysis
of tidal hydraulics, water levels and wave heights, and storm
surge will determine the appropriate loading conditions for the
gate. Preliminary design loads can be determined from
EM’s1110-2-1412, 1110-2-1414, 1110-2-1614, and 1110-2-
1607, which provide information to develop hydrodynamic
loads for tidal gates. Pressure distributions for breaking and
nonbreaking waves can be developed from criteria in
EM 1110-2-1614. It should be noted that criteriain EM 1110-
2-1614 require hydraulic model teststo be performed for most
designs featuring coastal revetments, seawalls, and bulkheads.
Hence, the structural engineer should consult with the
hydraulic engineer for final determination of these |oads.

(3) Gravity. Ice and silt or mud vary based on site-
specific information. Data or observations for replacement of
existing gates may be used to determine C or M. For new
projects, EM 1110-2-2602 suggests that only model studies
can indicate silt buildup, and that only the most conservative
assumptions for depth of silt should be used. For gates being
used in similar river systems, with similar silt loads, estimates
based on other projects may be used.

(4) Operating equipment. Coordination between the
structural and mechanical engineers is required to determine
the operating equipment loading. The mechanical engineer
will need gate deadweight D, hydrodynamic load H,, ice C,
mud M, and friction load to determine operating equipment
requirements, including inertial effects.

(5) Impact. Itisnot reasonableto design agateto resist a
high-speed barge impact. Experience has shown that design-
ing for an impact load of 1112 kN (250 kips) will provide
adequate resistance to impact damage.

(6) Earthquake. The inertial hydrodynamic effects are
consistent with past and present methods of analysis. The use
of Westergaard' s equation gives conservative results, and for
gates of thistype, earthquake loads normally do not control the
design.

(7) Downpull. Downpull forces are not applicable for
navigation lock gates. These loads are considered primarily for
emergency closure or spillway crest gates, which are deployed
during flowing conditions.

(8) Thermal. This condition may occur with navigation
lock gates when the temperature of the skin plate against the
full navigation lock pool may cause a considerable temperature
differential between other structural members exposed to
ambient conditions. Generally, T will not control the design;
however, in some gate designs, there may be considerable
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diffnessin the downstream bracing between girders, or tension
ties in arches, that will develop additional stress. Another
contributing factor that should be considered is restraint due to
friction at the end supports. This may require the member or
connection to be designed differently when considering fatigue.
The ambient temperatures specified are consistant with those
specified in American Association of State Highway and
Transportation Officials (AASHTO) (1996) for meta
structures.

(9) Wind. Wind loads W for most navigation lock gates
are small and can usually be ignored. However, in the case of
an arch or truss girder system, wind may cause compressive
loading to the tension tie or chord of the truss. This condition
will reguire consideration of denderness effects for those
members.

b. Load cases and load factors.

(1) Loadfactorsfor miter gates have been developed and
are presented in EM 1110-2-2105. The development of load
factors for vertica lift gates included consideration of the
respective load variability, definition, likeness to those loads
specified in American Institute of Steel Construction (AISC)
(1995), and likeness to load factors devel oped for miter gates.
Postulated loads | and E are given aload factor of 1.0 since it
is assumed that the conservatism necessary for design istaken
into account in the associated hazard scenario and specification
of the nominal load.

(2) Equdtion 3-2 provides a check for maximum vertical
loads on members and lifting anchor points in combination
with wind. Certain members in truss or arch type navigation
lock gates s